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(54) A moulding thermoplastic resin material and a method for equal quality recycle of 
thermoplastic resin mould 



(57) The invention provides a thermoplastic resin 
moulding material whose quality and value are substan- 
tially equal to that of the original resin mould, by adding 
a recycle aid agent to the resin material to be recycled. 
The recycle aid agent comprises an olefin group rubber 
and/or acrylic rubber having graft-copolymerised there- 
to monomer(s) the same as or similar to monomer(s) of 



the thermoplastic resin moulding material, to give the 
rubbers compatibility with the thermoplastic resin 
moulding material. Recycled thermoplastic resin mould- 
ing material is provided having quality and value sub- 
stantially equal to those of the original thermoplastic res- 
in moulding material. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a molding thermoplastic resin material for recycled resin mold having sub- 
stantially equal quality to original resin mold and further relates to a method for equal quality recycling of thermoplastic 
resin mold. 

BACKGROUND Of THE INVENTION 

10 

[0002] There are three kinds of recycle system of discarded thermoplastic resin mold. One system is chemical re- 
cycling system such as decomposition of thermoplastic resin of said discarded resin mold to produce a monomer or 
chemical treatment of said discarded resin mold to produce a useful product, a second system is thermal recycling in 
which thermal energy produced by combustion treatment of said discarded resin mold is utilized, and a third system 

15 is material recycling system in which said discarded resin mold is shattered and heated and melted for such as pel- 
letizing to re-use molded material. Said chemical recycling system has disadvantage that chemical treatment is nec- 
essary and said thermal recycling system has problem of atmospheric pollution when said discarded resin mold is 
burned so that material recycling may be the most preferable recycling system. In said material recycling, especially 
equal quality recycling is preferable, in which thermoplastic resin mold recycled from discarded virgin resin mold has 

20 substantially the same quality and value. 

PRIOR ART 

[0003] In recycle process of said discarded resin mold, said discarded resin mold may be shattered, if necessary 
25 heated and melted and pelletized. Accordingly, temperature higher than the softening point or melting point, mechanical 
stress such as agitation, pressure, and the like may have effect on said thermoplastic resin of said resin mold. By 
accumulation of said thermal stress and mechanical stress, said thermoplastic resin may be denatured and the me- 
chanical properties such as impact strength of resulting resin mold may be degraded. 

[0004] Especially, impact strength of acrylonitrile-butadiene-styrene resin (ABC), high impact polystyrene (HIPS) 
30 including styrene-graft-butadiene rubber and the like degrade remarkably by repeated recycle since said resins contain 
butadiene rubber having poor thermal stability. 

[0005] Further, the mixture, polymer blend, or polymer alloy of said thermo plastic resins including said butadiene 
rubber and polyphenylene ether (PPE), polycarbonate (PC), polyamide(PA), polyethylene terephthalate (PET), poly- 
butylene terephthalate (PBT), polysulfone (PSF), polyetherimide (PEI), polypropylene (PP) and the like are frequently 
35 used as molding materials but the mechanical properties of said mixture, polymer blend, or polymer alloy are apt to 
be degraded by thermal degradation of butadiene rubber contained in said mixture, polymer blend or polymer alloy. 
[0006] Further, two mechanical properties of polymer blend or polymer alloy of thermoplastic resin containing said 
butadiene rubber and polyester group resin are more remarkably degraded by recycling since said polyester group 
resin is apt to be hydrolyzed. 

40 [0007] Currently, a method has been provided to prevent the degradation of mechanical properties, especially impact 
strength of said thermoplastic plastic resin during said recycling in which rubber or thermoplastic elastomer having 
compatibility with said thermoplastic resin is added as a recycle aid agent. 

[0008] Nevertheless, said traditional method in which said recycle aid agent is added in each recycle stage has 
problems in that a lot of labour and time are necessary and material cost may become great in said traditional method. 
45 Further, the content of said recycle aid agent in said thermoplastic resin may increase during repeated recycle process 
so that the mechanical properties of said resin mold is affected and equal quality recycling cannot be attained and only 
the resin mold having low quality can be provided. 

SUMMARY OF THE INVENTION 

50 

[0009] Accordingly, the object of the present invention is to provide a recycled resin mold which has substantially 
the same quality as original resin mold. Said recycle system may be called equal quality recycle system. 
[0010] To attain said object, the present invention provide a molding thermoplastic resin material for recycled resin 
mold having substantially equal quality to original resin mold consisting of molding thermoplastic resin material in which 
55 olefin group rubber and /or acrylic rubber is(are) added as equal quality recycle aid agent wherein the same or similar 
monomer(s) as(to) monomers composing said thermoplastic resin is(are) graft-copotymerized to give said olefin group 
rubber and/or acrylic rubber compatibility with said molding thermoplastic resin material. 

Diene group may be added in said molding thermoplastic resin material and it is desirable that 1ZOD impact strength 
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(ASTM-D256) of said molding thermoplastic resin material is maintained at virgin thermoplastic resin's IZOD impact 
strength of 70% or over after said thermoplastic resin material is heated at 250°C for 1 .0 hour. Further it is desirable 
that a graft ratio of said monomer(s) to said olefin group rubber and/or acrylic rubber is 20% and over by weight. Still 
further it is desirable that said molding thermoplastic resin material is styrene group polymer and said equal quality 

s recycle aid agent is styrene group monomer graft-copolymerized olefin group rubber and/or acrylic rubber or said 
molding thermoplastic resin material is nitrile group monomer and styrene group monomer copolymer and said equal 
quality recycle aid agent is nitrile group monomer and styrene group monomer graft-copolymerized olefin group rubber 
and/or acrylic rubber. Further, for instance, said molding thermoplastic resin material is polyphenylene ether group 
resin or polymer alloy of polyphenylene ether and polystyrene and said equal quality recycle aid agent is styrene graft- 

10 copolymerized olefin group rubber and/or acrylic rubber and said equal quality recycle aid agent is rubber-like polymer 
in which styrene group monomer and/or nitrile group monomer is (are) graft-copolymerized to ethylene-propylene 
copolymer and/or ethylene-propylene-diene terpolymer, and it is desirable that said ethylene-propylene-diene terpoi- 
ymer is ethylene-propylene-dicyclopentadiene terpolymer. Still further it is desirable that a molar ratio of ethylene/ 
propylene in said ethylene-propylene copolymer or said ethylene-propylene-diene terpolymer is 60/40 and over and 

15 Mooney viscosity (ML M , 1 00°C) of said ethylene-propylene copolymer or ethylene-propylene-diene terpolymer is in 
the range of 5 to 150. Still further it is desirable that a molar ratio of n-butyl acrylate/butadiene of said acrylic rubber is 
50/50 and over and nitrile group monomer and styrene group monomer are graft-copolymerized to said acrylic rubber 
in a weight ratio in the range of 20/80 to 30/70. Further the present invention provides a method for equal quality recycle 
of thermoplastic resin mold comprising molding by using molding material of discarded resin mold of said thermoplastic 

20 resin material in accordance with claim 1 to 1 2 to produce a resin mold having substantially equal quality to former 
resin mold. It is desirable that IZOD impact strength (ASTM-D256) of said resin mold is 90% and over of said preceding 
resin mold. 

[0011] Said olefin group rubber and acrylic rubber have poor compatibility with polystyrene group resin such as 
polystyrene (PS), nitrile group monomer-sty rene group monomer copolymer such as acrylonitrile-styrene copolymer 

25 (AS), polyphenylene ether, and the like so that the same or similar monomer(s) as(to) monomer(s) composing said 
polystyrene group resin is(are) graft-copolymerized to said rubbers to give compatibility with said rubbers. For instance, 
in the case of polystyrene, styrene group monomer is graft-copolymerized to said olefin group rubber or said acrylic 
rubber and in the case of acrylonitrile-styrene copolymer, nitrile group monomer and styrene group monomer are graft- 
copolymerized to said olefin group rubber or acrylic rubber, and further in the case of polyphenylene ether or polyphe- 

30 nylene ether modified by styrene group resin, and the like, styrene group monomer which forms graft chain by com- 
patibility with phenylene ether unit or polystyrene in polyphenylene ether is graft-copolymerized to said olefin group 
: rubber or said acrylic rubber. As a result, solubility parameter of said olefin group rubber or said acrylic rubber is 
adjusted to be equal or similar with (to) said thermoplastic resin to get good compatibility with them. 
[0012] As above described, since said graft polymer added to the molding thermoplastic resin as the equal quality 

35 recycle aid agent has compatibility with said thermoplastic resin, said graft polymer is stably dispersed in said thermo- 
plastic resin, and said olefin group rubber and acrylic rubber of said graft polymer have good thermal stability, good 
durability and the like, so that said rubbers per se show little degradation in repeated recycle. Accordingly, said ther- 
moplastic resin, even thermoplastic resin containing diene-group rubber shows little degradation of the mechanical 
properties, especially impact resistance in repeated recycle when said equal quality recycle aid agent is added. 

*o For instance, in said thermoplastic resin of the present invention, 70% and over of IZOD impact strength (ASTM-D256) 
is ensured after heating at 250°C for one hour, said condition corresponding recycle repeated 20 times and over, and 
further 90% and over of IZOD impact strength is ensured after one time recycle. Accordingly, in the present invention, 
the thermoplastic resin recovered from the discarded thermoplastic resin mold can give the thermoplastic resin mold 
having substantially the same quality as the original thermoplastic resin mold, namely, the quality can be called equal 

45 quality recycled. 

DETAILED DESCRIPTION 

[Molding thermoplastic resin material] 

50 

[0013] The molding thermoplastic resin material used in the present invention may include any kind of thermoplastic 
resin commonly used for molding. Said thermoplastic resin may be such as polystyrene resins polymerized with pol- 
ystyrene monomers, such as polystyrene (PS), high impact polystyrene (HIPS) and the like, styrene resins including 
nitrile monomers and styrene monomers, such as acrylonitrile-styrene copolymer (AS) and the like, styrene resins 
55 including nitrile monomers, styrene monomers and butadiene monomers, such as acrylonitrile-styrene-butadiene co- 
polymer (ABS) and the like, polyolefin resins such as polyethylene (PE), polypropylene (PP) and the like, engineering 
plastics such as polyphenylene ether (PPE), polycarbonate (PC), polyamide (PA), polysulfone (PSF), polyetherimide 
(PEI), poly methyl methacrylate (PMMA) and the like, polyester resins such as polyethylene terephthalate (PET), poly- 
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butylene terephthalate (PBT) and the like, and the like, and a mixture thereof including two kinds and over of said 
thermoplastic resins mentioned above. 

[0014] Especially the present invention may be usefully applied for polystyrene group resin, nitrile group monomer- 
styrene group monomer copolymer, PPE, and ABS, HIPS, modified PPE containing ABS and/or HIPS, mixture or 
5 polymer blend or polymer alloy which contain dlene group rubber having poor heat resistance such as butadiene rubber, 
isoprene rubber, chloroprene rubber, and the like. 

A: Styrene group resin. 

10 [001 5] Styrene group resin used in the present invention contains 25% and over by weight of styrene group monomer 
in the polymer and said styrene group resin may include such as homo polymer of styrene group monomer, copolymer 
of two or more kinds of said styrene group monomer, copolymer of one or more kind(s) of said styrene group monomer 
and one or more kind(s) of monomer which can copolymerize with said styrene group monomer, graft copolymer in 
which one or more kind(s) of said styrene group monomer is(are) graft-copolymerized to said diene group rubber, 

15 microblend or polymer blend of said styrene group resin and said diene group rubber, and the like. 

[0016] Typical styrene group resin may be such as polystyrene homopolymer (PS), high impact polystyrene (HIPS), 
which is a blend polymer including polystyrene and rubbery polymer which is that styrene monomer is grafted into said 
diene rubbers, acrylonitrile-styrene copolymer (AS), styrene-butadiene copolymer, styrene-a-methyl styrene copoly- 
mer, styrene-maleic anhydride copolymer, styrene-methylmethacrylate copolymer, styrene-ethylene copolymer, sty- 

20 rene-ethylene-propylene-butadiene copolymer ABS resin, which is a blend polymer including acrylonitrile-styrene co- 
polymer and graft copolymer which is that acrylonitrile monomer and styrene monomer are grafted into butadiene 
rubber, ACS resin, which is a mixture resin including chlorinated polyethylene and acrylonitrile-styrene copolymer, AES 
resin, which is a mixture resin including acrylonitrile-styrene copolymer and terpolymer which is that acrylonitrile mon- 
omer and styrene monomer are grafted into olefin rubbers, AAS resin, which is a mixture resin including acrylonitrile- 

25 styrene copolymer and terpolymer which is that acrylonitrile monomer and styrene monomer are grafted into acrylic 
rubbers, ASiS resin, which is a mixture resin including acrylonitrile-dimethylsiloxane-styrene copolymer and acryloni- 
trile-butadiene-styrene copolymer resin, and the like. 

B: Polyphenylene ether(PPE) group resin 

30 

[0017] Typical PPE resin used in the present invention includes such as 2,6-dimethyl-1 t 4-phenylene ether prepared 
by oxidative polymerization of 2,6-xylenol by using copper catalyst and further include copolymer of 2,6-dimethyl-1 ,4 
phenylene ether and 2,3,6,-trimethyl-1 ,4-phenylene ether, copolymer of 2,6-dimethyl phenol and 2, 3, 6,-trimethyl phe- 
nol, and the like. Further modified PPE group resin modified with styrene group resin and/or amide resin are also 
35 included in the present invention. 

C: Polycarbonate resin (PC resin) 

[0018] In the present invention, PC resin may be singly used as said molding thermoplastic resin or polymer alloy 
40 or polymer blend of PC resin and said styrene group resin or said PPE group resin are also used as said molding resin. 
Any kind of poly carbonic ester derived from aromatic dihydroxy compound can be used as PC resin of the present 
invention. 

[0019] Said aromatic dihydroxy compound may be such as 2,2-bis (4-hydroxyphenyl) propane (i.e. bisphenol A), 
tetramethylbisphenol A, tetrabromobisphenol A, bis (4-hydroxyphenyl)-p-diisopropylbenzene, hydroquinone, resorci- 
45 nol, 4,4'-dihydroxydiphenyl and the like and generally bis(4-hydroxyphenyl) alkane group dihydroxy compound is se- 
lected and especially bisphenol A or the combination of bisphenol A and other aromatic dihydroxy compound is pref- 
erably selected. 

D: Polyolefin group resin 

50 

[0020] Polyolefin resin is produced by polymerization of one or more kind(s) of ct-olefin by using radical initiator such 
as metal oxide group catalyst, Ziegler-Natta catalyst, Kaminsky catalyst and the like and two or more kinds of said 
polyolefin resin may be mixed together. Said a-olefm is linear, blanching or cyclic olefin having polymerizable double 
bond and a-position and generally cc-olef in having 2 to 8 carbon atoms is selected. 
55 Concretely, said oc-olefin includes ethylene and propylene. 

Other monomer which can be copolymerized with a-olefin may be copolymerized in said polyolefin group resin of the 
present invention. 

[0021] Said other monomer may be such as ct-p unsaturated organic acid such as acrylic acid s methacrylic acid, 
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maleicacid, itaconic acid, methyl acrylate, ethyl acrylate, methyl methacrylate, maleic anhydride, arylmaleimide, alkyl- 
maleimide and the like, the derivatives thereof, vinyl ester such as vinyl acetate, vinyl butyrate and the like, aromatic 
vinyl compound such as styrene, methyl styrene and the like, and vinyl silane such as vinyl trimethoxysilane, y-meth- 
acryloyloxipropyltrimethoxysilane and the likeand the like and further a little amount of non conjugated diene such as 
1,4 hexadiene, 4-methyl-1,4hezadiene, 5-4-methyl-1 ,4-hexadiene, dicyclopentadiene, ethylidene norborner(4-eth- 
lidene-2-norborner ) and the like may be copolymerized. 

[0022] Typical olefin group resin may be polyethylene, polypropylene, ethylene-vinylacetate copolymer, ethylene- 
acrylic acid copolymer, and the like. 

[0023] Said polyolefin resin may be singly used as molding material or mixture of two or more kinds of said polyolef in 
resin or mixture of said polyolefin group resin and other thermoplastic resin(s) such as said styrene group resin such 
as PS, HIPS, AS, ABS resin, PPE group resin and the like may be used as said polyolefin resin. 

E: Polymer blend, Polymer alloy 

[0024] Typical molding thermoplastic resin materials of the present invention are above explained. Further two or 
more kinds of said thermoplastic resin may be mixed to be polymer blend or polymer alloy. Said polymer blend or 
polymer alloy may be produced by screw-mixing in the extruder. 

[0025] Further above mentioned diene rubbers, olefin rubbers, acrylic rubbers, such as NR. BR, SBR, STR, IR, CR, 
CBR, IBR, IBBR, IIR, acrylic rubber, polysurfide rubber, urethane rubber polyether rubber, epichlorohydrin rubber, 
chlorobutyl rubber, hydrogenated nitorile rubber, fluorinated rubbers and the like, vinyl resins such as ethylene/vinyl 
acetate copolymer, acrylic resin, ethylene/ethyl acrylate copolymer, vinyl chloride and the like, other thermoplastic resin 
such as polynorbomene and the like may be mixed in said molding thermoplastic resin material to improve impact 
strength. 

[0026] Further thermoplastic elastomer (TPE) may be mixed in said molding thermoplastic resin material. Said ther- 
moplastic elastomer has properties of vulcanized rubber in ordinary temperature but has plasticity and so has molda- 
bility and consists of hard segment and soft segment. 

Said TPE may be such as urethane group elstomer, styrene group elastomer, vinyl group elastomer, ester group elas- 
tomer, and the like. 

[Equal quality recycle aid agent] 

A: Olefin group rubber graft-polymer 

[0027] Olefin group rubber used in said equal quality recycle aid agent of the present invention is polymer or copol- 
ymer of one or more kind(s) of a-olefin or copolymer of one or more kind(s) of said a-olefin and one or more kind (s) 
of other monomer(s) which can be copolymerized with said cc-olefin(s). Typically, said olefin group rubber may be 
copolymer of ethylene and one or more kind(s) of other a-olefin(s) or copolymer of ethylene and one or more kind(s) 
of other cc-olefin(s) and other monomer(s) which can be copolymerized with said a-olefin , especially said other monomer 
is non-conjugated diene compound. 

In said ethylene-a-olefin group copolymer, a-olefin which is copolymerized with ethylene may be a-olefin having 3 to 
12 carbon atoms such as propylene, butene-1 , 4-methyl pentene-1 , hexane-1 , Octene-1 , and the like. 
[0028] Said non -conjugated diene compound may be such as dicyclopentadiene, tricyclopentadiene, 5-methyl- 
2,5-norbornadiene, 5-methylene-2-norbomene, 5-vinyl-2-norbornene, 5-ethylidene-2-norbomene, 5-isopropylidene- 
2-norbornene, S-isopropenyl-2-norbornene, 5-(1-butenyl)-2-norbornene, 5-(2-propenyl)-2-norbomene, 5-(5-hexenyl)- 
2-norbornene, 4,7,8,9-tetrahydro-indene, isopropylidenetetrahydro-indene, cyclooctadiene, vinylcyclohexene, 
1 ,5,9-cyclododecatoluene, 6-methy 1-4,7, 8, 9-tetrahydroin dene, 2,2 , -dicyclopentenyl, trans-1 ,2-divinylcyclobutane, 
1 ,4-hexadiene, 1 ,8-nonadiene, 1,9-decadiene, 3,6-dimethyl-1,7-octadiene, 4,5-dinethyM ,7-octadiene. 1,4,7-oc- 
tatriene, 5-methyl-1 ,8-nonadiene and the like. 

[0029] Preferably said non-conjugated diene compound may be 5-ethylilidine-2-norbomen(ENB) and/or dicyclopen- 
tadiene (DCP), more preferably dicydopentadiene. Mixture of olefin group rubber graft polymer containing 5-ethylidene- 
2-norbornen and AS or PS gives resin mole having a good appearance. Further, in the case of said olefin group rubber 
graft polymer containing EPDM, impact strength of the resulting resin mold may be higher than in the case of said 
olefin group rubber graft polymer containing EPM. 

[0030] Molar ratio of ethylene-a-olefin and a non-conjugated diene compound if necessary in said olefin group rubber 
graft polymer ethylene/a-olefln/non-conjugated diene compound is preferably 0.2-1 .0/0.2—0.8/0-0.2 and more pref- 
erably 0.5-0.9/0.25 -0.75/0-0.1 and molar ratio of ethylene/propylene is 60/40 and over, preferably 65/35 and over 
and from a standpoint of equal quality recycle, EPM or EPDM in which ethylene is richly contained is preferably used. 
[0031] Further Mooney viscosity (ML M , 1 00 °C) of said ethylene- a-olefin group copolymer is preferably 5 to 150, 
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more preferably 1 0 to 1 20, the optimum viscosity is 20 to 80. 

[0032] Typical olefin group rubber may be ethylene-propylene copolymer rubber (EPM), ethylene-propylene-non 
conjugated diene compound terpolymer (EPDM), ethylene-butenecopolymer rubber, (EBM) ethylene-butene-non- con- 
jugated diene compound terpolymer(EBDM). The same non- conjugated diene compound as used in EPDM may be 
5 used in EBDM. 

[0033] To give compatibility with the objective thermoplastic resin to said olefin group rubber, styrene group monomer 
and/or nitrile group monomer is (are) graft-copolymerized to said olefin group rubber. 

Said styrene group monomer being graft-copolymerized to said olefin group rubber may be such as one or more kinds 
of styrene monomers comprising of styrene, a-alkylmonovinylidene aromatic monomer (e.g. a-methylstyrene, a-ethyl- 
10 styrene, a-methylvinyltoluene, a-methyldialkylstyrene and the like), cyclo-substituted alkylstyrene (e.g. o, m % or p-vi- 
nyltoluene, o-ethylstyrene, p^ethylstyrene, 2,4-dimethylstyrene, p-tert butylstyrene and the like), cyclo-substituted halo 
styrene (e!g. <x;hlorostyrene, p-chlorostyrene, 2 : 4-dichtorostyrene and the like), cyclo-alkyl, cyclo halo substituted 
styrene (e.g. 2-chloro-4-methylstyrene, 2,6-dichlorostyrene and the like), vinyl naphthalene, vinyl anthracene and the 
like. 

15 [0034] In general, alkyl group having 1 to 4 carbon atom(s) includes both liner chain and branched chain. 

[0035] Said nitrile group monomer being graft-copolymerized to said olefin group rubber may be such as acrylonitrile, 
methacrylonitrile, ethacrynitrile, fumaronitrile, mixture of two or more kinds of said nitrile, and the like. 
[0036] Besides said styrene group monomer and said nitrile group monomer, other monomer (third monomer) may 
be copolymerized. Any kind of monomer which can be copolymerized with said styrene group monomer and nitrile 

20 group monomer may be copolymerized. 

Said third monomer may be such as (meth)acrylates such as methyl (meth)acry late, ethyl (meth) aery I ate and the like, 
maleimides such as N-phenylmaleimide, maleimide, N-methylmaleimide, N-ethylmaleimide, (p-bromophenyl) maleim- 
idemethacrylate, cyclohexylmaleimide and the like, unsaturated nitrile compounds such as maleic anhydride meth- 
acrylonitrile and the like. 

25 [0037] Alkyl ester having 1 to 4 carbon atoms, especially methacrylate is preferable as (meth)acrylate. 

[0038] To graft-polymerize said monomer(s) to said olefin rubber, polymerization system in which said monomer(s) 
is(are) polymerized by oil soluble or water soluble initiator and/or high energy ray such as ultraviolet ray, electron beam, 
and the like under existence of said olefin group rubber is applied. In said polymerization system, general polymerization 
method such as bulk polymerization, suspension polymerization, solution polymerization, emulsion polymerization and 

30 the like is applied. 

Said graft olefin group rubber produced by said graft polymerization includes both graft polymer in the narrow sense 
consisting of olefin group rubber as a trunk and a polymer chain of said monomer(s) as a branch and mixture of said 
graft polymer in the narrow sense and olefin group rubber and/or polymer of said monomer(s). 
[0039] Said olefin group rubber graft polymer suitable for each of said thermoplastic resin is explained below. 

35 

(1) Graft polymer for styrene group resin 

[0040] One or more kind(s) of styrene group monomer(s) graft polymerized olefin group rubber (styrene graft olefin 
group graft polymer) is used for the styrene group resin. Said styrene group monomer is illustrated in A: Styrene group 
40 resin. Said styrene graft olefin group graft polymer has the polymer branch chain of said styrene group monomer having 
substantially the same solubility parameter as said styrene group resin, especially PS so that said styrene graft olefin 
group graft polymer has good compatibility with PS. 

[0041] For styrene group resin, especially AS or ABS, one or more kind(s) of styrene group monomer and one or 
more kind(s) of nitrile group monomer are graft polymerized to said olefin group rubber (styrene-nitrile graft olefin graft 
45 polymer). 

Other monomers) which can be copolymerized with said styrene group monomer(s) and said nitrile group monomer 
(s) may be copolymerized with said styrene group monomer(s) and said nitrile group monomer(s). Said monomer is 
illustrated in A: Styrene resin. 

Said styrene-nitrile graft olefin group graft polymer has the styrene-nitrile copolymer branch chain having substantially 
so the same solubility parameter as As or ABS so that said styrene-nitrile graft olefin group graft potymer has a good 
compatibility with AS or ABS. 

[0042] In said olefin group rubber graft polymer, mixture of two or more olefin group rubber may be used as said 
olefin group rubber. In said olefin group rubber graft polymer, content of said olefin group rubber is generally 1 0 to 20% 
by weight, preferably 15 to 75% by weight, content of monomer(s) grafted( graft ratio) is generally 90 to 20% by weight, 
55 preferably 55 to 25% by weight, and in the case of styrene-nitrile graft olefin group rubber graft polymer, content of 
styrene group monomer is preferably 5 to 95% by weight and content of nitrile group monomer is preferably 95 to 5% 
by weight. In above described range 5 compatibility of said olefin group rubber graft polymer with said thermoplastic 
resin and improvement effect of equal quality recycling on said thermoplastic resin, namely degradation preventing 
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effect on impact strength of said thermoplastic resin can be balanced. 

[0043] Especially, said olefin group rubber has poor adhesiveness with paint film so that said thermoplastic resin 
mold in which said olefin group rubber graft polymer having a low graft ratio is mixed has undesirably poor adhesiveness 
with paint film or ink film. Nevertheless, since said olefin group rubber graft polymer has core-shell structure in which 
5 rubber component is core and graft chain is shell, so long as said olefin rubber graft polymer having a higher graft ratio 
in the range between 90 to 20% by weight is used to mix said molding thermoplastic resin material, the problem of 
poor adhesiveness with paint film may not take place. 

[0044] The particle size of said olefin group graft polymer is desirably in the range between monocular level (solution) 
to 5.0 fim forming sea-island structure or other structure by dissolving and more desirably in the range between 0.001 
10 to 2.0 ^m. In this range of the particle size : the effect of the equal quality recycling of said olefin group rubber graft 
polymer may be especially remarkable. 

In a case where two or more kinds of the same kind or different kinds of said olefin group rubber having different particle 
sizes respectively are used together, the physical properties of said thermoplastic resin is more improved so that the 
adding amount of said olefin group rubber graft polymer can be reduced. 
15 [0045] Further, the reduced viscosity of toluene soluble component of said olefin group rubber graft polymer r\ sp/c 
(0.5g/dl toluene solution at 30 °C) is preferably in the range between 0.30 to 1 00g/dl and more preferably in the range 
between 0.50 to O.dOg/dl. 

[0046] Concretely, said olefin group rubber graft polymer may be styrene graft EPM and / or EPDM (St-g-EPM, St- 
g-EPDM, St-g-EPM-EPDM) which are that styrene is graft-polymerized with EPM and/or EPDM in the case of using 

20 for PS or HIPS, acrylonitrile-styrene graft EPM and/or EPDM (AnSt-g-EPM, AnSt-g-EPDM, AnSt-g-EPM-EPDM) which 
are that aery Ion itorile and styrene are graft-polymerized with EPM and/or EPDM in the case of using for AS or ABS, 
styrene graft EBM and /or EBDM (St-g-EBM, St-g-EBDM, St-g-EBM-EBDM) which are that styrene is graft-polymerized 
with ethylene-butene rubber (EBM) and/or ethylene-butene-diene terpolymer (EBDM) in the case of using for PS, 
acrylonitrile-styrene graft EBM and/or EBDM (AnSt-g-EBM, AnSt-g-EBDM, AnSt-g-EBM-EBDM) which are that Aery- 

25 lonitrile and styrene are graft-polymerized with EBM and/or EBDM in the case of using for AS or ABS. 

[0047] In this invention, AS and AnSt-g-EPM mixed resin is described EPM-AS, AS and AnSt-g-EPDM mixed resin 
is described EPDM-AS, AS, AnSt-g-EPM and AnSt-g-EPDM mixed resin is described EPM-EPDM-AS, PS and St- 
g-EPM mixed resin is described EPM-PS, PS and St-g-EPDM mixed resin is described EPDM-PS, and, PS, St-g-EPM 
and St-g-EPDM mixed resin is described EPM-EPDM-PS. 

30 

, (2) Graft polymer for PPE group resin 

[0048] PPE consists of structure unit having phenyl group as above described so that styrene graft olefin group 
rubber graft polymer such as St-g-EBM, St-g-EPDM, St-g-EPM-EPDM, St-g-EBM St-g-EBDM, St-g-EBM-EBDM and 
35 the like are preferably selected. Said olefin group rubber graft polymer has styrene. polymer side chain having similar 
solubility parameter to PPE so that said olefin group rubber graft polymer has good compatibility with PPE group resin 
and said olefin group rubber graft polymer is mixed stably in said PPE group resin without separation to improve the 
equal quality recycling property of said PPE group resin. 

In this invention, PPE and St-g-EPM (which is olefin type rubber graft polymer) mixed resin is described EPM-PPE, 
40 PPE and St-g-EPDM mixed resin is described EPDM-PPE, PPE, St-g-EPM and St-g-EPDM mixed resin is described 
EPM-EPDM-PPE, PS and EPM-PPE mixed resin is described EPM-PS-PPE, PS and EPDM-PPE mixed resin is de- 
scribed EPDM-PS-PPE, and, PS, St-g-EPDM and St-g-EPDM mixed resin is described EPM-EPDM-PS-PPE. 

(3) Graft polymer for polyolefin group resin. 

45 

[0049] Since said olefin group rubber consists of the same or similar monomer as(to) monomer comprising said 
olefin group resin such as polyethylene, polypropylene, and the like, said olefin group rubber has substantially the 
same solubility parameter as said polyolefin group resin, especially polypropylene, so that said olefin group rubber has 
originally good compatibility with said polyolefin group resin and is used as said equal quality recycle aid agent without 
50 any treatment but said olefin group rubber graft polymers such as St-g-EPM, St-g-EPDM, AnSt-g-EPM, AnSt-g-EPDM 
and the like also has a good compatibility with said polyolefin group resin so that said olefin group rubber graft polymers 
can be used as said equal quality recycle aid agent to improve the physical properties of said polyolefin group resin. 

B: Acrylic rubber graft polymer 

55 

[0050] Said acrylic rubber used in the present invention may be such as acrylate homopotymer having alkyi group 
having 2 to 8 carbon atoms preferably, such as ethylacrylate, n-butylacrylate, 2-ethylhexylacrylate and the like, copol- 
ymer comprising two kinds and over of acrylate monomers mentioned above, copolymer comprising one or more kinds 
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of acrylate monomer(s) mentioned above and butadiene or one or more kinds of other monomer(s) such as non- 
conjugated diene compounds which can be used for EPDM similarly, acrylonitrile, methylmethacrylate, vinyl acetate, 
styrene, ethylene, propylene and the like, copolymer comprising one or more kinds of acrylate monomer(s) and func- 
tional monomer(s) such as acrylic acid methacrylic acid, p-hydroxyethylmethacrylate, acrylamide, dimethylaminoethyl- 
5 methacrylate and the like or polymerization sllane coupling agent(s) such as Y-methacryloxypropyltrimethoxysilane, 
vinyltriacetoxysilane, p-trimethoxysilylstyrene, p-triethoxysilylstyrene, p-trimethoxysilyl-a-methylstyrene, p-triethoxys- 
ilyl-a-methylstyrene, 7-acryloxypropyltrimethoxysilane, vinyltrimethoxysilane, N-p (N-vinylbenzylaminoethyl-y-amlno- 
propyl) trimethoxysilane hydrochloride and the like. 

[0051] As acrylic rubber for common use, copolymers, copolymerized with above mentioned functional monomer, 
10 such as polyethyl acrylate, poly n-butyl acrylate, n-butyl aery late-acry Ion itrile copolymer, n-butylacrylate-butadiene 
copolymer, n-butyl acrylate-ethylene copolymer, n-butyl acrylate-Y-methacryloxypropyltrimethoxysilane copolymer, n- 
butylacrylate-vinyltrimethoxysilane copolymer and the like may be used in this invention. 

n-Butyl acrylate-butadiene copolymer having a mole ratio of n-butylacry I ate/butadiene 30/70 and over is preferable to 
acrylic rubber. 

15 [0052] Said acrylic rubber may be produced by suspension polymerization, emulsion polymerization, and the like. 
Styrene group monomer(s) or styrene group monomer(s) and nitrile group monomer(s) are graft polymerized to said 
acrylic rubber to give said acrylic rubber compatibility with styrene group resin, PPE group resin and PC group resin 
the same as said olefin group rubber. To balance compatibility and degradation preventive effectiveness of impact 
strength in recycling, the content of said acrylic rubber may be preferably 1 0 to 80% by weight, more preferably 1 5 to 

20 75% by weight and the content of said grafted monomer(s) (graft ratio) may be preferably 90-20% by weight, more 
preferably 55 to 25% by weight in all. In the case of styrene-nitrile graft acrylic rubber graft polymer the content of 
styrene group monomer(s) may be preferably 5 to 95% by weight and the content of nitrile group monomer(s) may be 
preferably 95 to 5% by weight. 

In above described range, compatibility of said acrylic rubber graft polymer with said thermoplastic resin and degra- 
25 dation preventive effectiveness of impact strength balance respectively. 

C: Additive 

[0053] In said molding thermoplastic resin material of the present invention, any additive may be added as long as 
30 said additive does not basin the equal quality recycling property and said additives may be such as pigment, dye, 
reinforcement (e.g. glass fiber, carbon fiber and the like), filler (carbon black, silica, titanium oxide, talc etc.), heat 
resistance agent, antioxidant, antiozonant, weatherproof agent ( UV absorber, light stabilizer), plasticizer. blowing 
agent, blowing aid agent, lubricant, slip agent, releasing agent mixed to resin, releasing agent, defogging agent, crys- 
tallization aid agent, flame retardant, flame retardant aid agent, fluidity improve agent, antistatic agent, compatibility 
35 aid agent and the like. 

D: Blowing agent 

[0054] Said molding thermoplastic resin material of the present invention may be used for formed resin mold. To 
40 produce said formed resin mold, a mechanical blowing method in which inert gas such as nitrogen gas, carbon dioxide 
gas, rare gas and the like is blown into melted molding material with stirring, and a chemical blowing method in which 
blowing agent is added in melted molding material to decompose said blowing agent applied. To produce gas, a mi- 
crocapsule method in which thermoplastic microcapsule encapsulating solvent having a low boiling point is added in 
melted molding material and said capsule is broken by heating to take out vapourized solvent is applied. 
45 [0055] Said blowing agent used in said chemical blowing method includes inorganic blowing agent and, an organic 
blowing agent, and the inorganic blowing agent may be such carbonates as sodium hydrogen carbonate, sodium 
carbonate, potassium hydrogen carbonate, and the like or combination of two or more said carbonates or combination 
of said carbonate and inorganic or organic acid, or sodium boron hydrate, sodium nitrite, and the like, and organic 
blowing agent may be such as dinitropentamethylene naphthalene, 2,2 , -azobisisobutylonitrile, hydroxycarbon amide, 
so azodicarbon amide, alkaline metal salt thereof, alkaline earth metal salt thereof, p.p'-oxibisfbenzenesurfonylhydrazide), 
p.p'-oxibisfbenzenesulfonylsemicarbazide), N.N'-dimethyl-N.N'-dinitrosoterephthalamide, diazoaminobenzene, 1,1'- 
azobisformamide and the like. 

[Addition of equal quality recycle aid agent] 

55 

[0056] Said equal quality recycle aid agent of the present invention is commonly provided as powder, particles, or 
pellets and has thermoplasticity and itself can be used as the molding thermoplastic resin material. Generally, said 
equal quality recycle aid agent is added in said molding thermoplastic resin material in an amount betweenl to 80% 
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by weight to improve the mechanical properties and the equal quality recycling property. 

[0057] In the present invention said equal quality recycle agent and if desirable said additive is(are) added to prepare 
said molding thermoplastic resin material. The blending method applied in this invention may be a physical blending 
method such as melting blending, solvent cast blending, latex blending, porymer complex and chemical blending meth- 
5 od such as solution graft, interpenetrating porymer network to form polymer alloy and said melting blending Is especially 
preferable. To mix said molding material, a little amount of solvent can be used if desirable. As mixing machine to mix 
said molding material, a tumbler, a Henschel mixer, a rotary mixer, a super mixer, a ribbon blender, a V-blender and 
the like may be used and each component in said molding material is uniformly dispersed by said mixing machines. 
A resulting mixture prepared as above described is melted and mixed and then palletized. For palletizing a multi-screw- 
io extruder is generally used and besides said multi-screw-extruder, a Banbury mixer, a roller, a Ko-kneader : a blast mill, 
a Brabender plastograph, and the like can be used and said mixing machines may be operated in batch or continuously. 
Further, mold blend in which said resin pellet, said equal quality recycle aid agent, and other additive(s) are mixed 
without melting and the resulting mixture is put into a heating cylinder of the molding machine as the molding material 
and said mixture is melted and mixed in said cylinder also can be applied in the present invention. 



15 



45 



50 



55 



[Mold] 



[0058] Mold produced by using said molding material of the present invention contains said equal quality recycle aid 
agent so that said mold is used as car parts, parts of transportation machines, parts or cabinets of offices machines 
20 or electrical appliances, stationery, toys sheets or film used as seals or labels, said mold has substantially equal quality 
to the mold using virgin molding materials. 

Common molding method of thermoplastic resin can be applied in the present invention. Said molding method may 
be such as an injection molding method including a standard injection molding (Said molding) method and a gas-assist 
molding method(H 2 M, GPI, RFM etc), an expansion molding method, a sandwich molding method, atwo layers molding 

25 method, a multi layers molding method, a mufti color molding method, a tandem molding method, a SP molding method, 
a vacuum forming method, a pressure forming method, an extrusion molding method, a profile extrusion molding meth- 
od, a blow molding method, a rotation molding method, a transfer molding method, a compression molding method, a 
calendar roll molding method, an inflation molding method, a lamination molding method, an injection-compression 
molding method, blow molding method, monofilament molding method, a casting method, a powder molding method, 

30 . a press molding method, and the like. Especially, in an injection molding gas assist molding method or an expansion 
molding method is preferable since mold showing little warp and deformation and uniform shrinkage percentage and 
having high dimension stability can be molded by said molding method. Further, in said molding method, recycled 
materials have equal shrinkage percentage to virgin materials. 

35 [Paint coating] 

[0059] Paint coating and paint are described below. 

Resin mold is commonly colored in various colors and said color of said resin mold may change and become dirty 
while using for a long time, so that if said discarded resin mold is recycled as it is , recycled resin mold having undesirable 
*o appearance with confused colors, changed colors ,or dirt may be made. 

In international publication No W09738838, a resin mold is coated with a paint having compatibility with said resin 
mold for equal quality recycling. 

When a resin mold relating to the present invention is coated with a paint having compatibility with the molding ther- 
moplastic resin material of said resin mold, said resin mold can be shattered and pelletized without separating said 
paint film. In the case of styrene group resin mold, thermoplastic resin used for said paint may be styrene modified 
acrylic resin, acrylic resin, thermoplastic resin of said resin mold itself, said equal quality recycle aid agent of the present 
invention and the like. 

Said paint may be provided in emulsion type, dispersion type, or water solution type, and power type. 
[0060] Except resins mentioned above, pigment, dye, surface conditioner, solvent, plasticizer, antifoaming agent, 
color separating proof agent, mottled proof agent, floating proof agent, surface active agent, skinning proof agent, 
thickener, sedimentation, antisagging agent, antiseptic, antifungal agent, UV absorber, flame retardant, stain-proofing 
agent, flatting agent and the like may be added as paint. 

[0061] Ink is also used in the present invention and said ink has similar composition to the paint and said ink may 
include solution type, emulsion type, suspension type, water-soluble type, bis-solid type, non-solvent type, powder 
type and the like. When a resin mold coated with said ink is recycled with said ink film, the resin of said ink has preferably 
compatibility with said molding thermoplastic resin material of said resin mold and said resin used in said ink may be 
almost the same as the resin used in said paint. 
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[Recovery of physical properties and a recycle aid agent] 

[0062] When a resin mold of said styrene group resin such as EPM-AS, EPDM-PS, and the like or modified PPE 
group resin, which is coated with a paint or an ink containing a thermoplastic resin having compatibility with said ther- 

5 moplastlc resin of said resin mold, is shattered to recycle or shattered and palletized to recycle repeatedly without 
separating said paint film or said ink film, content of pigment or dyestuff in said molding thermoplastic resin material 
for equal quality recycling may generally increase to degrade its mechanical strength(especially impact strength). To 
recover said degrading mechanical strength, it is desirable to add said equal quality recycle aid agent to said molding 
thermoplastic resin material as a recycle aid agent in each recycle. 

10 Adding method of said recycle aid agent may include (1 ) adding said recycle aid agent to shattered resin mold to blend , 
(2) palletizing a mixture of said shattered resin mold and said recycle aid agent by heating and melting said mixture 
by using the extruder, (3) blending pellets of recycled resin, which is prepared by heating and melting said shattered 
resin mold by using the extruder and further pelletized, and said recycle aid agent, (4) repelietizing a mixture of said 
pellets of recycled resin, and said recycle aid agent by heating and melting by using the extruder, (5) blending said 

15 repelletized mixture and said shattered resin mold and said recycle aid agent, and the like. 

[Effect of the invention] 

[0063] Said equal quality recycle aid agent of the present invention has thermal stability, heat resistance, and dura- 
20 bility and further contains the olefin group rubber and the acrylic rubber having a great effect to improve the impact 
strength on said molding thermoplastic resin material as a base component and still further contains a graft chain graft 
polymerized to said rubber like material having compatibility with said molding thermoplastic resin material so that said 
equal quality recycle aid agent is mixed uniformly in said thermoplastic resin without separating to improve the equal 
quality recycling property, namely the mechanical properties (impact strength) which is degraded by recycling. Accord- 
25 ingly said thermoplastic resin in which said equal quality recycle aid agent maintains equally practical impact strength 
and can be used as a material of mold having equal quality and value to original mold, namely can be used as an equal 
quality and value molding material. 

[EXAMPLE 1] (Study ofthe equal quality recycle aid agent) 

30 

[0064] Comparison sample A was an acrylonitrie-styrene copolymer AS (Kralastic K-1 1 58 Sumitomo Chemical Co. , 
Ltd.) and Comparison sample B was ABS resin in which AnSt-g-BD was mixed in AS in a weight ratio of 85/1 5 wherein 
An and St were graft polymerized to a butadiene rubber to prepare said AnSt-g-BD (An/St = about 25/75 weight ratio, 
graft ratio 40% by weight, average particle size of rubber 0.4ujti). 
35 [0065] Sample A was prepared by mixing AnSt-g-ACM-BD in said AS in a weight ratio of 85/15 wherein An and St 
were graft-polymerized to an acrylic rubber to prepare said AnSt-g-ACM-BD (An/St = 25/75 weight ratio, graft ratio 
50% by weight). 

[0066] Sample B was prepared by mixing AnSt-g-EPM in said AS in a weight ratio of 85/1 5 wherein An and St were 
graft-polymerized to an EPM (E/P - 75/25 molar ratio, Mooney Viscosity (ML 144 , 100°C) 50) to prepare said AnSt- 
40 g-EPM (An/EPM/St = about 23/22/55 weight ratio, graft ratio 78% by weight, average particle size of rubber 1 to 1 .5ujti). 
[0067] Sample C was prepared by mixing AnSt-g-EPDM (1), in said AS in a weight ratio of 80/20 wherein An and St 
were graft-polymerized to an EPDM (E/P/DCP = 65/25/1 0 molar ratio Mooney Viscosity (ML 1+4 , 100°C) 80, average 
particle size of rubber about 1ujti) to prepare said AnSt-g-EPDM(l) (An/EPDM/St = about 23/29/48 weight ratio, graft- 
ratio 71% by weight). 

45 [0068] Sample D was prepared by mixing AnSt-g-EPDM(2) in said AS in a weight ratio of 80/20 wherein An and St 
were graft-polymerized to an EPDM (E/P/DCP = 80/20/5 molar ratio, Mooney Viscosity (ML 1+4 , 100°C) 25, average 
particle size of rubber = about 1 urn) to prepare said AnSt-g-EPDM(2) (An/EPDM/St = about 23/14/63 weight ratio, 
graft ratio 86% by weight). 

[0069] Said samples were heated at 250°C in a heating cylinder of a injection molding machine respectively and 
so IZOD impact strength was determined as for purge samples (immediately purged without a stay in the heating cylinder), 
a 0.5 hour stay sample (purged after 0.5 hours stay in the heating cylinder), and a one hour stay sample (purged after 
a one hour stay sample). To prepare test pieces to determine impact strength each melted sample was purged into 
the cold water to harden and then said hardened 1 sample was dried and shatterd. The resulting shattered sample 
was molded to prepare the test piece. 
55 [0070] The results are shown in Table 1 . 
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TABLE 1 



Heating and 
melting time 


Comparison 
sample A 


Comparison 
Sample B 


Sample A 


Sample B 


Sample C 


Sample O 


Virgin sample 


11.1* 


20.3 


29.5 


d.1 *> 
** i .+j 


3 1 .O 




Purge product 


10.9* 


11.8 


28.2 


40.5 


48.1 


38.2 


0.5 hr. stay 


11.3* 


11.4 


23.7 


n.d. 


n.d. 


40.8 


1 .0 nr. stay 


11.6* 


9.2 


22.7 


36.5 


44.4 


39.6 


Decline ratio of 
impact strength 
( 1 .0 hr. stay ) 


104.5% 


45% 


77% 


88% 


86% 


101.5% 



Based upon ASTM-D256. 
Unit: kg-cm/cm 
*: Without notch 
n.d.. No data 



[0071] Referring to Table 1 , it may be clear that the comparison sample B in which butadiene rubber graft polymer 
AnSt-g-PB is mixed in AS shows larger degradation of impact strength and has lower heat resistance than the samples 
A, B, C and D in which AnSt-g-ACM-PB, AnSt-g-EPM, AnSt-g-EPDM (1 ) and (2) were respectively mixed as said equal 
quality recycle aid agent of the present invention, so that the samples A, B, C and D of the present invention have 
excellent equal quality recycling property and can be used as molding resin materials for mold having equal quality 
and value to the original mold. Especially, sample D in which AnSt-g-EPDM (2) using EPDM having a high E/P ratio 
and low Mooney Viscosity and further a high graft ratio was mixed as the equal quality recycle aid agent shows lower 
degradation of impact strength comparing with the samples A : B and C. In the samples A, B, C and D, 70% and over 
of impact strength after heating at 250°C, for one hour (corresponding to heat stress of 20 times and over repeated 
recycles) is guaranteed. 

[SUPPLEMENTARY TEST OF EXAMPLE 1] 

[0072] In EXAMPLE 1, since difference of thermal stability between the samples B, C, and D were recognized, 
observation by TEM about said three samples was carried out. As a result, it was recognized that in the sample B 
using AnSt-g-EPM disperses like salami sausage in a large particle size of 1 urn so that a small defect of compatibility 
was recognized, in the sample C using AnSt-g-EPDM(l), tendency of agglutination by adhesion of melting particles 
of AnSt-g-EPDM mutually was recognized and in sample D using AnSt-g-EPDM(2) having a high graft ratio, it is rec- 
ognized that the particle size of AnSt-g-EPDM was smaller than that in the sample C. 

[0073] Accordingly, it seems that the EPDM group graft polymer has better dispersibility in AS than the EPM group 
graft polymer and further 15% by weight addition of the EPDM group graft polymer shows better dispersibility in AS 
than 20% by weight addition of the EPDM group graft polymer and better dispersibility gives better equal quality recy- 
cling property. 

[COMPARISON TEST 1] 

(1) Mooney viscosity of EPDM 

[0074] Samples D-1 and D-2 having the same composition as the sample D respectively were prepared by using 
two kinds of AnSt-g-EPDM, one contains EPDM having a Mooney viscosity (ML 1+4 , 100°C) of 145 and the other con- 
tains EPDM having a Mooney viscosity (ML, f4 , 100°C) of 160. Said samples D-1 and D-2 were heated and melted in 
the heating cylinder of the injection molding machine at 250*C and stayed in said heating cylinder for one hour respec- 
tively and then purged. IZOD impact strength was determined as for each sample purged from said heating cylinder 
and the results are shown in Table 2. 
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TABLE 2 



IZOD impact strength (kg-cm/cm) 




Virgin sample 


1.0 hr. stay sample 


Ratio (%) 


Sample D-1 


38.1 


35.0 


91.9 


Sample D-2 


38.2 


30.5 


79.8 



[0075] Referring to Table 2, it is recognized that degradation of impact strength of the sample D-1 containing EPDM 
having a Mooney viscosity of 145 is much smaller than that of the sample D-2 containing EPDM having a Mooney 
viscosity of 1 60 and in the sample D-2, 80% and over of original impact strength can not be maintained after recycling. 
[0076] Accordingly, to secure good equal quality recycle property, lower Mooney viscosity of EPDM used in the equal 
quality recycle aid agent is preferable and Mooney viscosity lower than 150 gives enough improvement effect of the 
equal quality recycle property. 

(2) Ratio of E/P in EPDM 

[0077] Samples D-3 and D-4 having the same composition as AnSt-g-EPDM (2) respectively were prepared by using 
two kinds of AnSt-g-EPDM, one contains EPDM whose E/P molar ratio is 65/35 and the other contains EPDM whose 
E/P molar ratio is 55/45. Said samples D-1 and D-2 were heated and melted in the heating cylinder of the injection 
molding machine at 250°C and stayed in said heating cylinder for one hour respectively and then purged. IZOD impact 
strength was determined as for each sample purged from said heating cylinder and the results are shown in Table 3. 

TABLE 3 



IZOD impact strength (kg-cm/cm) 




Virgin sample 


1 .0 hr. stay sample 


Ratio (%) 


Sample D-3 


37.8 


33.4 


88.4 


Sample D-4 


36.4 


27.6 


75.7 



[0078] Referring to Table 3, it is recognized that degradation of impact strength of the sample D-3 containing EPDM 
whose E/P molar ratio is 65/35 is much smaller than that of the sample D-4 containing EPDM whose E/P molar ratio 
is 55/45 and in the sample D-4, 80% and over of original impact strength can not be maintained after recycling. 
[0079] Accordingly, to secure good equal quality recycling property larger E/P molar ratio of EPDM (ethylene rich) 
is preferable and E/P molar ratio 60/40 and over gives sufficient improvement effect on the equal quality recycling 
property. 



(3) Graft ratio 

[0080] Samples D-5 and D-6 having the same component as AnSt-g-EPDM (2) respectively were prepared by using 
two kinds of AnSt-g-EPDM, one has graft ratio of 23% by weight and the other has graft ratio of 1 7% by weight. Said 
samples D-5 and D-6 were heated and melted in the heating cylinder of the injection molding machine at 250°C and 
stayed in said heating cylinder for one hour respectively and then purged. IZOD impact strength was determined as 
for each sample purged from said heating cylinder and the results are shown in Table 4. 



TABLE 4 



IZOD impact strength (kg-cm/cm) 




Virgin sample 


1 .0 hr. stay 


Ratio (%) 


Sample D-5 


38.8 


34.5 


88.9 


Sample D-6 


34.4 


25.0 


72.7 



55 [0081] Referring to Table 4, the sample D-5 containing AnSt-g-EPDM whose graft ratio is 23% by weight shows much 
smaller degradation of impact strength than that of the sample D-6 whose graft ratio is 17% by weight and in sample 
D-6. 80% and over of original impact strength can not be maintained after recycling. 



12 



EP 1 219 675 A2 



[0082] Accordingly, to secure good equal quality recycling property, a higher graft ratio is preferable and a graft ratio 
20% and over gives sufficient improvement effect on the equal quality recycling property. 

[EXAMPLE 2] (Results of estimation test of the equal quality recycling property No. 1 ) 

5 

[0083] Thermoplastic resin compounds having following compositions were prepared. 

Compound No. 1 AS/A nSt-g- EPDM (3) = 80/20 
Compound No. 2 PS/St-g-EPDM = 75/25 
10 Compound No. 3 PS/PPS/St-g-EPDM = 37.5/50/12.5 

[0084] Said AnSt-g-EPDM (3) contains EPDM whose E/P/DCP. Molar ratio is 70/25/5. Mooney viscosity (ML M , 
100°C) is 1 00. An/St weight ratio is about 25/75 and graft ratio is 45% by weight. 

[0085] Said St-g-EPDM contains EPDM whose E/P/DCP molar ratio is 65/25/5. Mooney viscosity (ML i44) 100°C) is 
15 60, average particle size of rubber is 1u.m, rubber content 38% by weight and graft ratio is 50% by weight 

[0086] Using each compound, box type molds (electronic printer cabinets) having length of 500mm, width of 500mm, 
height of 30mm, wall thickness of 3mm, was produced. The molds were shattered, pelletized and remolded. Said 
processes were repeated in 3 turns and physical properties were determined in each turn and the results are shown 
in Table 7. 

20 [0087] Further, each mold in each turn was coated by using a paint whose composition is shown in Table 5 and a 
thinner whose composition is shown in Table 6, and each coated mold (thickness of paint film is 1 5ujti) was shattered, 
pelletized, and molded without separating paint film and the results of change of IZOD impact strength of each mold 
by 3 turn recycles are also shown in Table 7. 



25 TABLE 5 



Paint combination 


No. 


Materials 


Combination amount (wt%) 


1 


Styrene modified acrylic resin varnish 


50 


2 


Titanium oxide 


16 


3 


Calcium carbonate 


5 


4 


Talc 


5 


5 


Ethyl acetate 


8 


6 


Methyl isobutylketone 


8 


7 


Isobutanol 


7.7 


8 


Additive (Surface conditioner) 


0.3 


No.1 , styrene modified acrylic resin varnish, was purchased from DAINIPPON AND INK CHEMICALS INCOR- 
PORATED, whose name was ACRYLDIC 56-1155, wherein styrene modified acrylic resin vanish has compatibility 
with ABS, HIPS, modified PPE.. 



TABLE 6 



Diluent composition 


No. 


Materials 


Combination amount (wt%) 


1 


Ethyl acetate 


40 


2 


Isobutanol 


25 


3 


Diacetone alcohol 


20 


4 


Butyl cellosolve 


15 
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[0088] In compound No. 2 of this example, a little improvement of impact strength was recognized and the reason 
for said improvement seems to be owing to the improvement of compatibility of St-g-EPDM by phase transition in which 
EPDM is arranged outside and a St graft chain is arranged inside by heat and pressure in an extruder. 
[0089] Referring to Table 7, it is recognized that the physical properties of the resin shows little degradation without 
coating upon repeated recycles while in a case where the mold was coated, impact strength of the resin shows a little 
degradation by mixing pigment of paint in the resin comparing the mold without coating. 

[0090] Further, adhesiveness of paint film to the mold was estimated in each turn in Table 8 and adhesiveness of 
paint film was good in each turn as shown in Table 8. 
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Sample 8: 
Sample 9: 
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Sample 1 1 : 
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Sample 22: 
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[EXAMPLE 3] (Recovery of the physical property degraded by contamination of paint film) 

[0091] AnSt-g-EPDM (2), the equal quality recycle aid agent used in Sample D of EXAMPLE 1 , and St-g-EPDM, the 
equal quality recycle aid agent used in Compound No.2 of EXAMPLE 2, were respectively added in each pellet in one 
turn, two turns, and three turns shown in Table 7 to recover impact strength , impact strength of each pellet was degraded 
by mixing pigment and the like in paint. 

[0092] Test-pieces were molded by using the resulting mixture to determine IZOD impact strength according to 
ASTM-D256. The results are shown in Table 9. 
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[0093] Referring to Table 9, it is confirmed that impact strength degraded by contamination of paint film can be 
50 recovered by adding the equal quality recycle aid agent such as AnSt-g-EPSM, St-g-EPDM and the like. Further, no 
faults in molding such as scorch, silver streak, and the like caused by contamination of said paint film and said recycle 
aid agent were recognized. 

[EXAMPLE 4] (Recycle of discarded foamed resin mold) 

55 

[0094] Foamed polystyrene was heated to shrink and pelletized. 75 parts by weight of the resulting pellet of recycled 
PS and 25 parts by weight of compound No.2 St-g-EPDM were mixed together by the same process as used in EX- 
AMPLE 2 to prepare a mixed resin pellet. Test piece for IZOD impact strength test was molded by using said mixed 
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resin pellet and IZOD impact strength was determined. The result of said determination was 5.5 kg-crn/cm. 
75 parts by weight of said pellet of recycled PS and 25 parts by weight of St-g-BD (graft ratio 50% by weight, rubber 
content 50% by weight) were mixed together and pelletized by the same process as used in EXAMPLE 2 as comparison . 
IZOD impact strength of the resulting recycled resin peltet was 5.3 kg-cm/cm. 
5 [0095] This example relates to foamed polystyrene and besides this, modified PPE group resin mold in which foamed 
polystyrene is combined to said PPE group resin mold to give heat insulation property and sound-proof property, ther- 
moplastic resin mold in which foamed polystyrene is combined to said thermoplastic resin mold such as blow molded 
product of HIPS laminated with foamed polystyrene, and the like can be shattered and palletized without separating 
to each material and the equal quality recycle aid agent can be added to said recycled resin pellet. 

w 

[EXAMPLE 5] (Mold blend) 

[0096] 90 parts by weight of AnSt-g-EPDM (2) and 1 0 parts by weight of titanium oxide were mixed together and the 
resulting mixture was pelletized by the same process as used in EXAMPLE 2 to prepare master batch A. A mixture of 
15 said master batch A, AS resin, and AnSt-g-EPDM (2), 5/80/15 weight ratio, was prepared and pelletized to estimate 
possibility of mold blend by molding resulting pellets by using an injection molding machine. 

[0097] As a result, dispersing of pigment (titanium oxide) and AnSt-g-EPDM (2) was sufficient and no color spot was 
recognized. Further, no faults in molding such as scorch, silver streak, and the like caused by mixing these materials 
were recognized. 

20 [0098] In this example, the case that AnSt-g-EPDM (2) and AS resin were used was illustrated and besides this, a 
mold blend of St-g-EPDM and PS resin or PPE group resin or PC group resin is also applied in the present invention. 

[EXAMPLE 6] (Acrylic rubber equal quality recycle aid agent) 

25 [0099] An and St were graft polymerized to an acrylic rubber consisting of a n-butyl acrylate-butadiene copolymer 
(n-butyl acrylate/butadiene=50/50 molar ratio) at a weight ratio 25/75 (An/St) to prepare an equal quality recycle aid 
agent AnSt-g-ACM-BD (graft ratio 50% by weight). Said AnSt-g-ACM-BD was mixed in AS resin at an amount of 15% 
by weight to prepare a compound No.4. Recycle test the same as applied in EXAMPLE 2 about said compound No. 
4 was carried out and the results are shown in Table 10. 
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[0100] Referring to the results in Table 10, it is confirmed that AS resin whose equal quality recycling property was 
45 improved by AnSt-g-ACM-BD has excellent thermal stability showing small degradation of the physical properties by 
repeated recycles and the degradation rate of impact strength in each turn of recycle attains not more than 10% (90% 
and over of impact strength of the original resin mold) so that said compound can be used as the material for the resin 
mold having equal quality and value to the original rein mold. 

50 CAMPARISON TEST 2 

(1) BA/BD ratio 

[01 01 J AnSt-g-ACM-BD having the same composition as used in EXAMPLE 6 was prepared by using an acrylic 
55 rubber containing n-butyl acrylate (BA) and butadiene (BD) at a molar ratio 25/75 (a graft ratio 50% by weight) and a 
compound No.4-1 having the same composition as the compound No. 4 was prepared by using said equal quality 
recycle aid agent. By using said equal quality recycle aid agent, a recycle test the same as EXAMPLE 2 was carried 
out and the results are shown in Table 11 . 
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TABLE 11 



IZOD impact strength (kg-cm/cm) 




Virgin sample 


1 Turn 


2 Turn 


3 Turn 


Sample 4-1 


34.8 


31.0 


27.3 


24.1 


Decline ratio (%) 




11 


12 


11.7 



[01 02] Referring to Table 11 . degradation of impact strength of the compound No.4-1 in each turn of recycle is larger 
than the compound No.4 and degradation rate of impact strength in each turn of recycle can not attain not more than 
1 0% (90% and over of impact strength of the original resin mold). A molar ratio BA/BD larger than 35/65 is preferable 
to secure good improvement effect of equal quality recycling property. 



15 (2) Graft ratio 

[0103] Compounds No.4-2 and No.4-3 having the same composition as used in EXAMPLE 6 respectively were pre- 
pared by using two kinds of acrylic rubbers, one has a graft ratio 23% by weight and the other has a graft ratio 18% 
by weight. A recycle test same as EXAMPLE 2 was carried out by using said compounds No.4-2 and No.4-3 and the 
20 results are shown in Table 12. 



TABLE 12 



25 



IZOD impact strength (kg-cm/cm) 




Virgin sample 


1 Turn 


2 Turn 


3 Turn 


Sample 4-2 
Decline ratio 
(%) 


33.8 


31.8 


29.8 


2B.0 




5.9 


6.3 


6.0 


Sample 4-3 
Decline ratio 
(%) 


32.4 


28.4 


24.7 


21.9 




12.4 


13.0 


11.3 



[0104] Referring to Table 12, it is recognized that the compound No. 4-3 using AnSt-g-ACM-BD whose graft ratio is 
18% by weight shows larger degradation rate of impact strength in each turn than the compound No.4-2 whose graft 
ratio is 23% and degradation rate of impact strength in each turn of recycle can not attain not more than 10% (90% 
and over of impact strength of the original resin mold). A graft ratio 20% and over by weight is preferable to secure 
good improvement effect of equal quality recycling property. 

[EXAMPLE 7] (Results of an estimation test of equal quality recycle property; No. 2) 

[0105] Using sample A, recycle test same as EXAMPLE 2 was carried out and the results are shown in Table 13. 
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45 [0106] Referring to the results of Table 13, AS resin whose equal quality recycling property is improved by AnSt- 
g-ACM-BD has excellent heat- resistance and degradation rate of impact strength in each turn of recycle can attain not 
more than 1 0% (90% and over of impact strength of the original resin mold and can be used as the resin material for 
the resin mold having equal quality to the original resin mold. 

50 [EXAMPLE 8] (Improvement of PP resin) 

[0107] Polypropylene resin (Sumitomo Kagaku Kogyo Co. Sumitomo Nobuiene Z114A, Natural color) and EPDM 
used in graft polymer sample D of EXAMPLE 1 were mixed together at a weight ratio 80/20 in a kneader at 160°C for 
20 minutes and then the resulting mixture was molded in a sheet-shape by the calender. The resulting sheet was 
55 cooled and cut into square pellets. 

[0108] IZOD impact strength of said resin mixture was 30.0kg-crn/crn while IZOD impact strength of Z114A was 
6.9kg-cm/cm, so that impact strength was much improved by adding said EPDM in said resin mixture. 
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[EXAMPLE 9] (Improvement of ABS, HIPS) 

[0109] IZOD impact strength of a resin mixture of sample B of EXAMPLE 1 and sample D of EXAMPLE 1 (50/50 
weight ratio) was 32.3kg-cm/cm and heat-resistance test of said resin mixture, the same method as described in EX- 
5 AMPLE 1 , was carried out. As a results, it was recognized that impact strength of said resin mixture degraded to 21 .1 
kg-cm/cm and degradation of the mechanical strength was recognised but said degradation was less than sample B 
of EXAMPLE 1. 

[01 10] As above described, improvement effect of thermal stability by adding said equal quality recycle aid agent in 
the resin compound having poor thermal stability was recognized. 

10 [0111] Like wise, it was confirmed that heat-resistance (IZOD impact strength) of HIPS resin (Polystyrene 403R: 
Natural color A & M Styrene Co.) was 8.0kg-cm/cm for unheated resin, 3.2kg-cm/cm after heating at 250°C for one 
hour, in the case of a resin mixture of Polystyrene 403R and compound No.2, the composition ratio of which was 50/50 
by weight, the heat-resistance (IZOD impact strength) was 8.9kg-cm/cm before heating and 5.6kg-cm/cm after heating, 
in the case of compound No.2 and PS as main component of Polystyrene 403, R heat-resistance (IZOD impact strength) 

15 was 1 1 .8kg-cm/cm (without notch) before heating and 1 1 7kg-cm/cm (without notch). 



Claims 

20 1. A recycled thermoplastic resin moulding material having substantially equal quality to an original moulding resin 
comprising the thermoplastic resin moulding material together with an equal quality recycle aid agent which com- 
prises an olefin group rubber and/or acrylic rubber having graft-copolymerised thereto monomer(s) the same as 
or similar to those of the thermoplastic resin. 

25 2. A recycled thermoplastic resin moulding material according to claim 1 , wherein IZOD impact strength (ASTM-D256) 
of the thermoplastic resin moulding material is maintained at virgin thermoplastic resin's IZOD impact strength of 
70% or over after the thermoplastic resin material is heated at 250°C for 1 .0 hour. 

3. A recycled thermoplastic resin moulding material according to claim 1 or 2, wherein a graft ratio of the monomer 
30 (s) to the olefin group and/or acrylic rubber is at least 20% by weight. 

4. A recycled thermoplastic resin moulding material according to any one of claims 1 to 3, wherein the thermoplastic 
resin moulding material is a styrene group polymer and the equal quality recycle aid agent is a styrene group 
monomer graft-copolymerised olefin group rubber and/or acrylic rubber. 

35 

5. A recycled thermoplastic resin moulding material according to any of claims 1 to 3, wherein the thermoplastic resin 
moulding material is a copolymer of a nitrite group monomer and a styrene group monomer and the equal quality 
recycle aid agent is a nitrile group monomer and styrene group monomer graft-copolymerised olefin group rubber 
and/or acrylic rubber. 

40 

6. A recycled thermoplastic resin moulding material according to any one of claims 1 to 3, wherein the thermoplastic 
moulding material is a polyphenylene ether group resin or a polymer alloy of polyphenylene ether and polystyrene 
and the equal quality recycle aid agent is a styrene graft-copolymerised olefin group rubber and/or acrylic rubber. 

45 7. A recycled thermoplastic resin moulding material according to any one of claims 1 to 6, wherein the equal quality 
recycle aid agent is a rubber-like polymer in which a styrene group monomer and/or a nitrile group monomer is 
(arc) graft-copolymerised to ethylene-propylene copolymer and/or ethylene-propylene-diene terpolymer. 

8. A recycled thermoplastic resin moulding material according to claim 7, wherein the etheytene-propylene-diene 
50 terpolymer is ethylene-propylene-dicyclopentadiene terpolymer. 

9. A recycled thermoplastic resin moulding material according to claim 7 or 8, wherein a molar ratio of ethylene/ 
propylene in the ethylene-propylene copolymer or the ethylene-propylene-diene terporymer is 60/40 and over. 

55 10. A recycled thermoplastic resin moulding material according to any one of claims 7 to 9, wherein a Mooney viscosity 
(ML 1+4 , 100°C) of the ethylene-propytene copolymer or ethylene-propylene-diene terpolymer is from 5 to 150. 

11. A recycled thermoplastic resin moulding material according to any one of claims 1 to 6, wherein a molar ratio of 
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n-butyl acrylate/butadiene of the acrylic rubber is 50/50 and over. 

12. A recycled thermoplastic resin moulding material according to any of claims 1 to 6 and 1 1 , wherein the nitrite group 
monomer and the styrene group monomer are graft-coporymerised to the acrylic rubber in a weight ratio of from 

5 20/80 to 30/70. 

13. A method for recycling a thermoplastic resin moulding material, which method comprises mixing a discarded ther- 
moplastic resin moulding material, with an equal quality recycle aid agent which comprises an olefin group rubber 
and/or acrylic rubber having graft copolymerised thereto monomer(s) the same as or similar to those of the ther- 

io moplastic resin, to produce a resin mould having substantially equal quality to the form resin mould material. 

14. A method according to claim 13, wherein the recycled thermoplastic resin moulding material has an IZOD impact 
strength (ASTM-D256) which is at least 90% of that of the former resin mould material. 

15 
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